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Abstract

Background Generating rigorous evidence to inform care for rare diseases requires reliable, sustainable, and longitu-
dinal measurement of priority outcomes. Having developed a core outcome set for pediatric medium-chain acyl-CoA
dehydrogenase (MCAD) deficiency, we aimed to assess the feasibility of prospective measurement of these core
outcomes during routine metabolic clinic visits.

Methods We used existing cohort data abstracted from charts of 124 children diagnosed with MCAD deficiency
who participated in a Canadian study which collected data from birth to a maximum of 11 years of age to investigate
the frequency of clinic visits and quality of metabolic chart data for selected outcomes. We recorded all opportuni-
ties to collect outcomes from the medical chart as a function of visit rate to the metabolic clinic, by treatment centre
and by child age. We applied a data quality framework to evaluate data based on completeness, conformance,

and plausibility for four core MCAD outcomes: emergency department use, fasting time, metabolic decompensation,
and death.

Results The frequency of metabolic clinic visits decreased with increasing age, from a rate of 2.8 visits per child
per year (95% confidence interval, 2.3-3.3) among infants 2 to 6 months, to 1.0 visit per child per year (95% confi-
dence interval, 0.9-1.2) among those > 5 years of age. Rates of emergency department visits followed anticipated
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trends by child age. Supplemental findings suggested that some emergency visits occur outside of the metabolic
care treatment centre but are not captured. Recommended fasting times were updated relatively infrequently

in patients' metabolic charts. Episodes of metabolic decompensation were identifiable but required an operational
definition based on acute manifestations most commonly recorded in the metabolic chart. Deaths occurred rarely
in these patients and quality of mortality data was not evaluated.

Conclusions Opportunities to record core outcomes at the metabolic clinic occur at least annually for children
with MCAD deficiency. Methods to comprehensively capture emergency care received at outside institutions are
needed. To reduce substantial heterogeneous recording of core outcome across treatment centres, improved docu-
mentation standards are required for recording of recommended fasting times and a consensus definition for meta-
bolic decompensations needs to be developed and implemented.

Keywords MCAD deficiency, Core outcome set, Data quality

Background

The mitochondrial fatty acid oxidation disorder,
medium-chain acyl-CoA dehydrogenase (MCAD) defi-
ciency, is one of the most common inherited metabolic
diseases, with an estimated birth prevalence as high
as 1 in 12,000 in Canada [1, 2]. The MCAD enzyme is
involved in the breakdown of medium-chain fatty acids,
[3] which is required for sustaining euglycemia after the
depletion of glycogen stores, for example, during high
energy activities, when fasting, or when unwell with fever
or vomiting [4, 5]. Deficiency of this enzyme markedly
increases the risk of life-threatening manifestations dur-
ing such periods of catabolic stress, including metabolic
decompensations characterized by hypoketotic hypogly-
cemia, lethargy, and/or seizures [6, 7]. Treatment typi-
cally involves the avoidance of prolonged fasting, medical
monitoring during periods of illness, and the provision
of rapidly available carbohydrates [8]. Longer-term pre-
ventive interventions, such as carnitine supplementa-
tion, are used in some children with MCAD deficiency,
although evidence regarding their benefits and harms is
lacking [9-11]. Newborn screening has transformed out-
comes for children with MCAD Deficiency by allowing
early diagnosis and presymptomatic treatment to pre-
vent mortality (1, 2, 30, 31). Newborn screening panels in
Canada vary from province to province; most provinces
began screening for MCAD deficiency in the early 2000s
(range 2001-2012).

To improve care and long-term outcomes for children
with MCAD deficiency, rigorous approaches to evalu-
ation of treatments are needed, informed by reliable,
sustainable, and longitudinal measurement of clinically
meaningful and patient-centred outcomes [12, 13]. A
core outcome set (COS) is a small group of priority out-
comes agreed upon by stakeholders interested in a spe-
cific health condition with the goal of encouraging the
standardized measurement and reporting of endpoints
measured during clinical trials for that condition [14,
15]. The development and implementation of COSs can

support the synthesis of evidence and the comparison of
findings across clinical trials where appropriate. These
outcomes can also be collected as part of a high-quality
disease registry to establish robust observational data
over time and to facilitate registry-based randomized tri-
als, where a trial is implemented in a registry platform
that incorporates rigorous outcome measurement [16].
There is a particular need for multi-centre and interna-
tional collaboration in rare disease settings, given the
small number of patients in any single centre. A COS
can facilitate such collaboration in rare disease research
as part of the harmonization of data on long-term out-
comes and treatment effectiveness in small populations,
thereby increasing the robustness of data pooling and
thus improving the quality of evidence.

We recently developed a COS for children with MCAD
deficiency as part of the Core Outcome Measures in
Effectiveness Trials (COMET) initiative (www.comet-
initiative.org), [17] relying on: (i) a systematic review of
prior studies of MCAD deficiency to derive a potential
list of relevant outcomes; [18] and (ii) a multi-stakeholder
consensus approach (Delphi survey and workshop)
involving patients and families, clinicians, and policy-
makers [19]. The final COS comprised eight core out-
comes for children up to age 12 years diagnosed with
MCAD deficiency, four of which could be ascertained
from a child’s metabolic chart and therefore were iden-
tified as being of primary interest for the present study:
emergency department use, fasting times, metabolic
decompensation, and death [19]. Some outcomes, nota-
bly emergency department use, may alternatively be
measured using population-wide healthcare administra-
tive data, as demonstrated in a previous Ontario-based
study from our group [20]. However, these administra-
tive records often lack the detailed clinical information
needed to reliably measure outcomes such as fasting and
episodes of metabolic decompensation.

To facilitate prospective collection of these clinical out-
comes and thereby support observational registries and
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clinical trials for children with MCAD deficiency, there
is a need to establish the feasibility and sustainability of
measuring these outcomes in routine clinical settings,
and for outcomes other than death, the opportunity for
ascertainment on a long-term and regular basis [21]. To
assess the quality of existing metabolic chart core out-
comes data and their future suitability for prospective
measurement during metabolic clinic visits, we used
existing cohort data to investigate the frequency of clinic
visits and quality of metabolic chart data for selected
outcomes.

Materials and methods

Data source and eligibility

The Canadian Inherited Metabolic Diseases Research
Network (CIMDRN) established a consent-based cohort
of nearly 800 children across Canada diagnosed with
one of 31 Inherited Metabolic Diseases (IMD), includ-
ing MCAD deficiency, [22] and included collection of
clinical data from the metabolic charts for enrolled chil-
dren, from birth up to a maximum of 11 years of age. The
cohort was developed as a platform to support research
that broadly seeks to understand health care and out-
comes in this pediatric population.

Children were eligible for the CIMDRN cohort if
they were born between January 1, 2006 and Decem-
ber 31, 2015, and received care for a confirmed diagno-
sis of MCAD deficiency at one of the 13 participating
treatment centres between birth and March 31, 2017.
Research staff at participating centres retrospectively
abstracted data from electronic and/or paper charts
depending on the type of metabolic chart in use at the
participating centre at the time of each visit. At base-
line, abstracted data pertained to participant and family
characteristics, medical history, source of ascertainment,
and diagnostic tests completed. For each visit to the
metabolic clinic after diagnosis, the results of follow-up
tests, disease-specific outcomes, treatment, and acute
and chronic diagnoses were abstracted. Data fields were
selected to support anticipated research questions related
to health care and outcomes and to capture informa-
tion likely to be present in existing metabolic charts. All
data were entered as open- and closed-ended responses
in a series of study-specific, web-based data collection
forms developed with extensive input from metabolic
clinicians across Canada who were members of CIM-
DRN. The data collection forms were submitted to and
stored on a central study database in Research Electronic
Data Capture (REDCap), [23, 24] a secure, web-based
software platform hosted at the Children’s Hospital of
Eastern Ontario Research Institute; these forms can be
obtained by contacting the corresponding author). In
addition to the careful design of intuitive data collection
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tools and regular communication with treatment cen-
tre research staff, in order to maintain data quality, the
data were subject to a detailed verification process by
staff at the CIMDRN central office, including a review
of each participant’s full dataset and periodic monitor-
ing of summary measures [22]. A unique, study-specific
patient identifier was assigned to each participant in lieu
of names and other identifying information to uphold
patient confidentiality. Ethics approval for the protocol
outlining cohort enrollment, clinical data collection, and
analysis was granted by the Children’s Hospital of Eastern
Ontario Research Ethics Board, the Ottawa Health Sci-
ence Network Research Ethics Board, and the research
ethics board at each participating centre.

For the present study, we conducted an analysis of
these previously abstracted metabolic chart data from
enrolled children with MCAD deficiency. Children were
excluded if they had no recorded clinic visits after initial
enrollment, for example, due to complete absence of data
entry or death prior to their initial clinic visit. Children
were followed until the study end date of March 31, 2017
unless they were deceased or discharged from a partici-
pating metabolic centre during the study period (e.g., due
to relocation to a centre not participating in the cohort
study). Children who moved to a participating centre
from a non-participating centre during the study period
were followed from the date of their first recorded clinic
visit with the participating centre.

For each participant, data were abstracted from charts
and entered into REDCap chronologically, starting from
birth or the youngest age of a first recorded clinic visit at a
participating centre. If data entry for a participant ended
before March 31, 2017 and we were unable to confirm a
death or discharge from the clinic, we used all available
data for that participant in the analysis. An exception was
when calculating visit frequencies (rates per child per
year) that involved summing follow-up time; for these
analyses, we considered children with incomplete data to
be lost to follow-up at the end of the oldest age group to
which they were known to be followed for the complete
period.

Analysis

We described the demographic characteristics (e.g., year
of birth, sex, consenting treatment centre) and baseline
clinical characteristics (e.g., ascertainment method and
neonatal complications) using frequencies and percent-
ages. We calculated confidence intervals for incidence
rates using the exact Poisson distribution or the normal
approximation to the Poisson distribution as appropriate.
Confidence intervals for means were expressed using the
standard normal distribution. All cell counts represent-
ing fewer than five children were suppressed as “<5” to
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reduce the risk of identifying participants, in accordance
with research ethics requirements. SAS software® ver-
sion 9.4 (SAS Institute Inc., Cary, North Carolina, USA)
was used for all statistical analyses.

Data collection intervals among participants var-
ied, depending on each child’s schedule of visits to the
metabolic clinic. We considered the frequency of visits
as an indicator of the frequency of opportunity for out-
come measurement. To determine the potential future
feasibility of collecting core outcomes prospectively by
relying on existing clinical encounters, we reported the
frequency of visits to the metabolic clinic and telehealth
encounters over time, expressed as rates per child per
year, calculated as the total number of visits divided by
total person-time of follow-up. Visit rates are presented
by child age using 6-month intervals in the first year of
life and 2-year intervals thereafter. They exclude visits
occurring prior to two months of age in order to focus
on visits occurring after a complete diagnosis is typically
established, and when core outcome measurement may
be most relevant. We explored variation in the frequency
of clinic visits among participating centres treating five or
more children by presenting results separately for each
centre.

To evaluate the quality of data for each of the out-
comes of interest, we explored the four core outcomes
of interest and their components, guided by Kahn et al’s
framework [25] covering three data quality concepts:
completeness, conformance, and plausibility. To address
completeness, we examined the extent to which individ-
ual components of a particular outcome were captured
in abstracted data. To address conformance, we meas-
ured the extent to which data were entered in the pro-
posed format and whether there existed variation in how
outcomes were measured, abstracted, or recorded across
sites. To address plausibility, we examined whether
aggregate measures reflected a reasonable measurement
or health trajectory over time for a child with MCAD
deficiency, expressed as rates or summary measures of
core outcomes across age groups as appropriate. For one
of the core outcomes of interest, metabolic decompensa-
tion, there exists no widely accepted clinical definition.
Thus, to ascertain whether metabolic chart-abstracted
data may be used to measure this outcome for children
with MCAD deficiency, we first identified acute clini-
cal manifestations commonly associated with metabolic
decompensation (e.g., hypoglycemia, seizures). Next,
two pediatric metabolic physicians (PC, MTG) made
independent inferences about whether each event iden-
tified by abstracted data constituted a true metabolic
decompensation, judging each event as a yes (decom-
pensation) or no (not a decompensation). The physicians
relied solely on the abstracted data items to make this
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judgement. We measured agreement between the two
raters using Cohen’s kappa coefficient.

Results

Sample characteristics

There were 132 children with a confirmed diagnosis of
MCAD deficiency enrolled in the CIMDRN cohort. Eight
children were excluded from further analyses since they
were either deceased within the neonatal period, lost-to-
follow-up prior to their first clinic visit, or data abstrac-
tion from their metabolic chart had not been initiated
at the time of analysis. Children were distributed across
the eligible years of birth, with the highest proportion
born in 2014-2015 (Table 1). Slightly fewer than half
(44%) of children were female. The proportions of chil-
dren recruited from different metabolic centres generally
reflected the population catchment associated with those
centres. Children were enrolled from metabolic centres

Table 1 Participant characteristics

Characteristic Frequency (%)
Year of birth (n=124)
2006-2007 20 (16%)
2008-2009 27 (22%)
2010-2011 18 (15%)
2012-2013 28 (23%)
2014-2015 31 (25%)
Sex (female) (n=124) 54 (44%)
Consenting treatment centre (n=124)
Centre A 30 (24%)
Centre B 29 (23%)
Centre C 15 (12%)
Centre D 10 (8%)
Centre E 10 (8%)
Centre F 8 (7%)
Centre G 5 (4%)
Centre H 5 (4%)
Other participating centres® 12 (10%)
Ascertainment (n=124)°
Newborn screening method only 107 (86%)
Newborn screening and other method(s) 13-16
Other method(s) only <5
Neonatal complications (yes) (n=104) 32 (31%)
Hypoglycemia 13 (13%)
Other complications without documented hypogly- 19 (18%)

cemia (e.g. respiratory distress, antibiotics, IV fluids, and/
or jaundice)

@ "Other participating centres” are those who enrolled fewer than five
participants; the total number of participants from these centres is presented in
the table

b Based on CIMDRN's privacy policy, cells representing less than five children are
suppressed as“ <5”and a range is provided in the preceding cell to ensure the
small cell size is not calculable
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located in seven provinces across Canada. Ascertain-
ment was almost exclusively achieved through newborn
screening, occasionally in combination with other meth-
ods such as family history/cascade testing or sympto-
matic presentation. Amongst the 104 infants for whom
the presence or absence of neonatal complications were
available, hypoglycemia (isolated or with other neona-
tal complications) was reported in 13%, and is notable
as a complication possibly associated with MCAD defi-
ciency. An additional 18% of infants did not have docu-
mented neonatal hypoglycemia but were noted to have
other neonatal complications. These included require-
ment for intravenous fluids (7%), respiratory distress
(7%), need for antibiotics (7%), and jaundice (6%). The
median follow-up time was 5.2 years (Interquartile Range
[IQR] =3.0-8.4 years) among participating children, with
113 children (91%) followed from birth until the end of
the data collection period. Eleven children had less than
complete follow-up during the study period due to late
enrollment (e.g., moving from a non-participating centre)
or were lost to follow-up prior to the completion of the
study (e.g., discharge, incomplete data entry).

Visits to the metabolic clinic
Overall, there were 202 recorded visits to the metabolic
clinic during the pre-defined diagnostic period (the first
two months after birth, as almost all cases were ascer-
tained through newborn screening). This represented an
average of 1.7 visits (95% confidence interval, 1.5-1.9 vis-
its) per child during which they underwent biochemical
and molecular genetic testing to establish a diagnosis of
MCAD deficiency.

There was a total of 945 follow-up visits to the meta-
bolic clinic among eligible children at 2 months of age
and older. The frequency of visits to the metabolic clinic

2.0

Rate (visits per child per year)

6 to <12 months
(n=122)

2 to <6 months
(n=122)

1 to <3 years
(n=118)
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over time was highest from 2—6 months of age (2.8 visits
per child per year), with a gradual, but sustained decline
thereafter (2.1 visits per child per year from 6—12 months,
1.5 visits per child per year from 1-3 years, 1.2 visits per
child per year from 3-5 years, and 1.0 visits per child per
year at 5 years of age and older) (Fig. 1). Among centres
treating five or more children with MCAD deficiency,
the centre-specific trends in visit rates by child age were
mostly consistent with the overall trend (see Additional
file 1). There was, however, considerable variation in the
magnitude of the rates, likely due to random variation,
but possibly reflecting differences in clinic- and clinician-
specific management practices.

Data quality: emergency department visits

Emergency department visits were measured at each
metabolic clinic visit, based on the number of trips to
the emergency department that had occurred since the
most recent previous clinic visit and the reasons prompt-
ing those visits. This information was generated from
records in the child’s metabolic chart, either derived from
clinician report based on the interaction with the fam-
ily during the clinic visit or from emergency department
records embedded in the metabolic chart.

Completeness

The number of times that the child had visited the
emergency department since their last clinic visit was
recorded for approximately 95% of metabolic clinic vis-
its (Table 2) but this varied widely among centres and
among individual participants (data not shown). Among
389 recorded emergency department visits for the 124
participants, 94 visits (24%) were missing the exact calen-
dar date of the visit and five visits (1%) were missing the

3 to <5 years
(n=92)

>5 years
(n=67)

Age of child at visit

Fig. 1 Follow-up visits per child per year to the metabolic clinic, by age at the visit. Error bars represent 95% confidence intervals using the normal
approximation to the Poisson distribution. One child may contribute to multiple age groups due to longitudinal follow-up
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Table 2 Highlighted findings for core outcomes according to each data quality concept

Emergency department use  Completeness: Presence or absence and number of emergency department visits since the last clinic visit was reported

at 95% of clinic visits

Conformance: Exact dates of emergency department visits were not always reported, but the age at the visit could often
be inferred if it occurred between two clinic visits at known ages

Plausibility: Although exhibiting similar trends by age, observed rates are underestimated when compared to a previously
published study in Ontario using health care administrative data. Only 42% of expected visits were recorded in the chart

Fasting times

Completeness: Recommended fasting times were updated during approximately 39% of visits. Clinic-specific fasting

protocols were provided by some centres, leading to a lack of patient-specific reporting in the chart
Conformance: Fasting prescriptions were frequently reported as a range of time, based on the presence/absence of other

interventions, or based on specific times of day

Plausibility: Median fasting times that were explicitly recorded in this sample followed published recommendations

by age
Metabolic decompensation

Completeness: Results of monitoring tests that were expected to be ordered were frequently missing and variation

was noted in the level of detail recorded or abstracted
Conformance: Episodes were ascertained mainly based on their associated manifestations and rarely directly reported
Plausibility: Median age at decompensation roughly followed known ages during which children with MCAD deficiency

commonly exhibit symptoms

Death
evaluated

Fortunately, death occurred extremely rarely in this cohort. Therefore, data quality for this outcome was not able to be

reason for which the child had received emergency care
(the latter included unintelligible entries).

Conformance

The majority of emergency department visits were
recorded using validated date fields with accompanying
text fields for the reason prompting the visit. However,
among the 94 visits without an exact date, 22 emergency
department visits had a partial time period entered in a
separate open-ended comment (e.g., the month or season
within a particular year). For 59 visits (63% of all visits
with missing information for calendar date), it was possi-
ble to infer at least the approximate age of the child at the
time of the visit since it occurred temporally between two
clinic visits at known ages.

Plausibility

There were no duplicates for data values identifying
unique emergency department visits and all emergency
department visits were reported as occurring after the
participant’s date of birth. Approximately 25 children
had no recorded emergency visits during their follow-up
over an average period of 4.6 years. Based on a previous
study in a sample of children with MCAD deficiency in
Ontario, Canada, [20] approximately 920 emergency
department visits were expected in the present study
cohort. However, among 124 eligible participants, there
were only 389 emergency department visits recorded,
representing 42% of expected visits.

Rates of visits to the emergency department (Fig. 2)
were lower than expected within all age groups based on
comparison to the previously published Ontario study
[20]. For example, on average, children with MCAD
deficiency in the Ontario study visited the emergency

department at a rate of 1.5 visits per child per year within
the first 6 months of age and 2.5 visits per child per year
between 6 months and 1 year of age. For children in the
present study cohort, however, these rates were 0.67
and 0.77 metabolic chart-recorded emergency depart-
ment visits per child per year on average during the same
time periods, respectively. The general trend across age
groups was similar across the two studies, and both doc-
umented the highest observed frequency of emergency
department use as occurring between 6 and 12 months
of age. The most common reasons for seeking emergency
care were similar between our cohort and the previous
Ontario study as well: nausea/vomiting (131 visits), upper
respiratory tract infections with or without cough (86
visits), and fever (66 visits). Conversely, the frequency of
inpatient hospitalizations over time aligned more closely
with the published health care administrative data (see
Additional file 1), [20] with 68% (190/280) of expected
hospital admissions captured in chart-abstracted data.

Data quality: fasting

Fasting refers to a prescribed maximum period without
food or drink as tolerated when well (under usual circum-
stances) or during intercurrent illness (to prevent acute
manifestations of MCAD deficiency). An increased fast-
ing tolerance may be reflective of, or change in response
to, improved clinical status of the patient with respect to
MCAD deficiency [26].

Completeness

Eighty-one children (65%) were prescribed an initial
treatment pertaining to fasting avoidance with 67 pre-
scriptions outlining specific details regarding the maxi-
mum number of hours recommended without feeding
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Age of child at visit

Fig. 2 Emergency department visits per child per year, by age at the visit. Error bars represent 95% confidence intervals using the normal
approximation to the Poisson distribution. One child may contribute to multiple age groups due to longitudinal follow-up

when well. Beyond the initial treatment, four centres
(treating 18 children) did not record prescribed maxi-
mum fasting times and an additional eight children from
other centres were missing fasting values at every meta-
bolic clinic visit. There was an update to the prescribed
diet (e.g., energy, fat, carbohydrates) and composition
(e.g., supplements) during approximately 52% of the met-
abolic clinic visits. It was unknown whether any update
occurred during 24 (2%) of the metabolic clinic visits.
For the metabolic clinic visits during which there was
an update to the overall diet, the prescribed fasting time
was recorded approximately 74% of the time; thus fast-
ing time was recorded during 39% of all metabolic clinic
visits (Table 2). When fasting time was not recorded, it
may have been missing, unknown, or unchanged from
the previous visit.

Conformance

When an acceptable fasting range was provided instead
of a specific amount of time (e.g., a prescribed maximum
fasting range of 8 to 10 h), we considered the median
value of the range to define the fasting time. Some chil-
dren were prescribed different fasting times for daytime
versus overnight; thus, we defined the child’s fasting
time as the larger value (maximum amount of time). If a
child’s fasting time was defined based on the presence of
an additional source of carbohydrates (e.g., fasting with
or without cornstarch), we defined the fasting time as the

value without extraneous intervention (the lower value)
since this represented the amount of time tolerated in
normal physiological states.

Plausibility

For a number of children, there were no updates to the
prescribed diet for long periods of time. As a result, if a
lack of update in a metabolic chart were to be considered
equivalent to an unchanged prescribed maximum toler-
ated fasting time (i.e., if we were to carry forward the last
explicitly recorded fasting time), the recommended dura-
tion of fasting would appear much lower than expected at
older ages.

When considering only explicitly recorded values,
the median prescribed fasting time when well was 3.5 h
(IQR=3.3-4.0 h) for children under 6 months of age,
6.0 h (IQR=5.0-8.0 h) for those aged 6 months up to
12 months, 10.0 h (IQR=8.5-12.0 h) for those aged
1 year up to 2 years, and 12.0 h (IQR=10.0-12.0 h) for
those aged 2 years and older (Table 3). These lengths of
time were in approximate agreement with published rec-
ommendations for maximum fasting times for children
with MCAD deficiency, [26] with a lower median time
identified from 6-12 months of age, corresponding to
the age period with the highest rate of emergency depart-
ment use in this cohort. There was no evidence to suggest
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Table 3 Prescribed fasting times in the CIMDRN cohort and in published recommendations

Age Group Number of patients with at least one recorded  Prescribed fasting time in the Published fasting times
prescribed fasting time? CIMDRN cohort recommendations [26]
Median (IQR)
<6 months 99 3.5h(3.3-4.0) N/A
6t0< 12 months 67 6.0 h (5.0-8.0) 80h
1to<2 years 59 10.0 h (8.5-12.0) 10.0h
>2 years 55 12.0h (10.0-12.0) 120h

@ Median values were calculated for children with more than one fasting prescription reported within a single age group, and only for those prescriptions with exact
values provided (for example, excluding prescriptions stating only “avoidance of fasting” or “frequent feedings”)

that the frequency of fasting prescriptions changed over
calendar time within age categories (data not shown).

Data quality: metabolic decompensation

The core outcome set defined metabolic decompensa-
tion as an acute episode characterized by one or both of
the following cardinal features: 1) hypoglycemia and 2)
encephalopathy (e.g., lethargy, seizure). Additional sup-
portive evidence based on the results of biochemical tests
could include at least one documented abnormal level
of substances in the blood indicative of an altered physi-
ological state (e.g., depleted blood glucose, elevated liver
aminotransferases) [19].

Completeness

The components required to ascertain a decompensa-
tion were routinely available within the medical chart
(e.g., the results of biochemical tests, reasons for seeking
emergency care, acute manifestations). However, identi-
fying an event required clinical judgement influenced by
a variety of factors and circumstances, which rendered
its derivation complicated. Temporal association of lab-
oratory findings or biomarkers with diagnoses or symp-
toms was not always possible based on inconsistency in
recording of exact dates. In addition to the lack of com-
pleteness in reporting of emergency department visits
and hospital admissions, the ability to identify metabolic
decompensations from abstracted data was limited when
no monitoring tests were recorded during these visits
and admissions, and when the reasons prompting care
were non-specific (Table 2). To this end, there existed
large variation among treatment centres in the level of
detail abstracted and/or available in the metabolic chart.

Conformance

Research staff extracting data for the cohort study rarely
used the data collection forms to specify a metabolic
decompensation as a direct disease-specific outcome
even when it was otherwise apparent that an episode
had occurred based on other reported clinical measures.

Thus, we relied on associated complications noted in
the data extracted from the metabolic chart based on
the language used by the health care team to describe a
metabolic decompensation. Furthermore, acute manifes-
tations indicative of a metabolic decompensation were
not always associated with a specific date; thus, multi-
ple manifestations occurring over a short period of time
could not reliably be considered as mutually exclusive
events. On a case-by-case basis and to avoid duplicating
events, we considered multiple data items possibly con-
tributing to a metabolic decompensation to be related
to a single episode if they were reported within the same
general time period (e.g., during a single hospital admis-
sion) and could not be reliably separated.

Plausibility

We identified 99 unique events among eligible partici-
pants comprised of individual clinical indicators (e.g.,
reasons for emergency department visits and hospital
admission, acute/chronic diagnoses and manifestations,
and biochemical measurements) potentially contribut-
ing to a single metabolic decompensation. This included
one of or any combination of the following: i) direct ref-
erence to metabolic decompensation (reported during 13
events); ii) laboratory-confirmed blood (<3.5 mmol/L)
or clinician-reported hypoglycemia (reported during
34 events); or iii) emergency department visits, hospital
admissions, or findings reported outside of routine meta-
bolic clinic visits for indications of preventative IV glu-
cose use and/or monitoring for hypoglycemia (reported
during 32 events), elevated aspartate and alanine ami-
notransferases (reported during 18 events), lethargy
(reported during 14 events), seizures (reported during
nine events), or direct reference to possible encephalopa-
thy (reported during two events).

Two raters (PC, MTG) independently assessed
abstracted data items for the 99 potential events.
Thirty-five events were resolved as episodes of meta-
bolic decompensation by both raters. An additional 20
events were identified as metabolic decompensations by
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one of two raters only; 19 of these were classified as epi-
sodes of decompensation by rater 1 and not by rater 2.
The remaining events were not considered decompen-
sations by either rater. Inter-rater agreement yielded a
Cohen’s kappa statistic of 0.61 (95% confidence interval,
0.45-0.76), indicating moderate to substantial agreement
[27]. The lack of very high interrater disagreement was
explained by differing interpretation of the requirement
for hypoglycemia. Unless there was documented hypo-
glycemia warranting intervention, raters agreed that iso-
lated reports of intravenous glucose administration (or
possible evidence thereof, such as elevated blood glucose
levels during hospital admissions) were likely to be pre-
cautionary measures taken to avoid fatty acid oxidation
and insufficient to confirm a metabolic decompensation.
However, we also recognized the difficulty in excluding
a metabolic decompensation event when there was no
available chart-abstracted glucose level prior to intrave-
nous administration of glucose. In all cases agreed upon
by both raters, there was a direct report of a metabolic
decompensation and/or evidence for hypoglycemia,
therefore we considered these to be “definite” metabolic
decompensation events. In 19 of the 20 remaining cases,
a glucose level prior to intravenous administration was
unavailable, and we considered these “possible” metabolic
decompensation events (Table 4).

Prior to 12 months of age, on average, there were
approximately 13—18 episodes of metabolic decompensa-
tion per 100 children per year depending on the number
of raters who endorsed that one had occurred (Table 4).
Among children 12 months of age or older, on average,
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there were approximately 3 to 6 episodes of metabolic
decompensation per 100 children per year. Overall, the
median age of metabolic decompensation was approxi-
mately 12 to 15 months among episodes that could be
ascribed an exact age (i.e., with exact dates available)
[28, 29]. Metabolic decompensations are most com-
mon between 6 and 18 months of age [30]. Similar to
our results, in a previous study, among a sample of 114
children with MCAD deficiency who had previously
experienced an acute crisis, the median age at first mani-
festation was approximately 18 months [31].

Data quality: death

Since children in this cohort were almost exclusively
ascertained by newborn screening, as expected from
early identification and initiation of treatment, [1] the
core outcome of death was fortunately rare (n<5), occur-
ring only in few neonates exhibiting highly adverse clini-
cal features prior to diagnosis. Therefore, the data quality
related to this outcome could not be evaluated. We note
that children who died in the early neonatal period with-
out a confirmed diagnosis of MCAD deficiency prior to
death (i.e., those who died prior to a positive newborn
screening result and subsequent referral) would not have
been eligible to participate in the CIMDRN cohort study
and thus would not have been identified as part of the
present research; the cohort study enrolled only those
children who had a confirmed MCAD deficiency diagno-
sis and received care at a participating clinic and thus we
were only able to identify mortality occurring during the
study period.

Table 4 Age based rates of metabolic decompensation, estimated by one or two raters identifying a decompensation

Age Group Number of potential events No. events labelled as metabolic Rate per 100
considered decompensations children per year
(95% CI)?
Overall
Definite 99 35 5.0 (3.6-6.9)
Definite + Possible 55 7.9 (6.0-10.2)
<12 months
Definite 16 13.0 (7.8-21.0)
Definite + Possible 38 22 180 (11.7-27.1)
> 12 months
Definite 19 33(2.1-5.1)
Definite + Possible 61 33 5.7 (4.0-8.0)

a) A single child may contribute to both age groups due to longitudinal follow-up

b) “Definite”= Chart-documented hypoglycemia or explicit documentation of metabolic decompensation, “Possible”= cases without chart-documented hypoglycemia

prior to intravenous glucose administration

295% confidence intervals calculated using the exact Poisson distribution
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Discussion

This study sought to evaluate the quality of existing meta-
bolic chart data and its future suitability for measuring
select core outcomes from a COS for MCAD deficiency:
emergency department use, fasting time, metabolic
decompensation, and death. We found a decreasing rate
of follow-up visits to the metabolic clinic by age, consist-
ent with evidence suggesting that the highest risk peri-
ods for developing complications occur in younger age
groups [31]. Based on the frequency of follow-up visits
to the metabolic clinic, an opportunity exists to meas-
ure these clinical core outcomes in the metabolic clinic
setting at least once per year regardless of patient age.
Although other COS studies have defined specific time
points for measurement of core outcomes according to
disease-specific milestones and timelines, [32] there is
no published benchmark for the frequency of collection
of core outcomes in children. For MCAD deficiency, the
minimum frequency of visits required to capture mean-
ingful change in an outcome may depend on the outcome
itself, its measurement scale’s responsiveness to change,
and, in studies evaluating management strategies, the
specific treatment being evaluated as it relates to the
expected length of time until a change in outcome can be
expected. Therefore, alternative strategies to collect clini-
cal core outcomes from children who visit the metabolic
clinic less frequently may be required; improvements
to the provision of virtual ambulatory health care and
to shared electronic health records during the SARS-
COv2 pandemic may present opportunities for such
alternatives.

We believe that rates of emergency department visits
were likely to have been underestimated when relying
on metabolic chart data alone, but otherwise followed
anticipated trends by age. We found the highest rate of
emergency department visits between 6 and 12 months
of age, which is consistent with previous literature and
corresponds with the highest risk period for experienc-
ing metabolic decompensations [33]. It is well known
that the accuracy of medical records data depend on
the type of data collected; demographic, outcome, and
discharge information collected as part of standardized
sections of the chart have been found to have the high-
est accuracy [34]. Data quality may be further maximized
when relying on outcomes, such as emergency depart-
ment visits, that rely in large part on a binary response,
such as the presence or absence of a health event. How-
ever, post-hoc follow-up investigation with research staff
at each participating centre suggested that information
captured within the metabolic chart pertaining to emer-
gency department visits often corresponded to visits that
had occurred at same health care institution’s emergency
department. Emergency department visits occurring at
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other centres, such as at local community hospitals, may
not have been captured unless the information had been
parent-reported, forwarded by the emergency care team,
or otherwise requested by the metabolic team. There was
an improved comparability of rates of inpatient hospi-
talizations with gold standard measures relative to rates
of emergency department visits [20]. This suggests that
emergency department visits warranting more criti-
cal and longer-term care may be more rigorously docu-
mented in the metabolic chart. Collectively then, when
relying on metabolic chart data, we hypothesize that
whether an emergency department visit that occurs is
captured depends on the nature and severity of the visit
and its relevance to a child’s disease as well as whether
the visit occurred at the same institution (which in turn
seems likely to vary according to both disease sever-
ity and geographic proximity of the child’s residence to
the hospital with which the outpatient metabolic clinic
is associated). The fact that emergency visits occurring
at community hospitals may be missed from metabolic
charts and that these visits may be distinct in nature from
those that are captured suggests a need for additional
pro-active measures to systematically capture emergency
care. Strategies may include supplementing metabolic
chart data with patient- or parent-reported forms and
linkable comprehensive health care administrative data.

Measuring prescribed maximum fasting times from
metabolic chart data that had been documented for
clinical rather than research purposes was problematic.
Although similar to emergency department visits in that
the quality of reporting of this outcome relied on the
presence or absence of a fasting prescription recorded in
the metabolic chart, [34] it is possible that updates were
often the product of informal discussions between a clini-
cian and a patient or their family member/caregiver that
are not documented. We found that some centres pro-
vided families/caregivers with a clinic-specific protocol
describing standard recommended fasting times accord-
ing to age periods. In such cases, only exceptions to this
algorithm may have been recorded in the metabolic
chart. Consequently, recommended fasting times were
updated highly infrequently in patients’ charts, particu-
larly at certain centres. Therefore, consistent reporting of
fasting times for prospective research will require the use
of clinic report forms completed at each metabolic clinic
visit that appropriately capture prescribed diets and rec-
ommended fasting times.

In this study, the agreement among metabolic physi-
cians was considered moderate to substantial in terms
of characterizing abstracted data items as episodes of
metabolic decompensation. The nature of the disagree-
ments in classification between the two observers sug-
gested that each had a differential threshold for an event
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to be considered a metabolic decompensation. For exam-
ple, hypoglycemia was a common clinical characteristic
among events identified as decompensations by both
raters, but invariably reflects a late symptom of metabolic
decompensation [33]. A factor rendering it difficult to
measure occurrence of metabolic decompensations con-
sistently is that emergency care for MCAD deficiency is
often focused on mitigating risk and thus it can be dif-
ficult to distinguish a “near miss” (ie., decompensa-
tion avoided due to an intervention) from a full blown
decompensation. It was also difficult to temporally asso-
ciate clinical manifestations contributing to a single event
based on metabolic chart data. Certain features occur-
ring alone may not always constitute a true decompen-
sation and may require clinical expertise and judgement
(e.g., based on the age of child, the perceived severity of
disease, temporal association with other indicators, “sus-
ceptibility” from prior events, and other comorbidities).
In general, diagnostic information has been found to
have lower accuracy compared to other data, which can
introduce systematic errors in the absence of standard-
ized definitions and non-adherence to those definitions
[34]. Thus, this outcome requires a clear operational defi-
nition meaningful to a large number of clinicians treat-
ing children with MCAD deficiency. The refinement and
application of practice guidelines to include the diagnosis
of metabolic decompensation events and for acute man-
agement of patients with MCAD Deficiency could also
both benefit patient care and also the usability of chart
abstracted data for research and quality improvement.

Metabolic centres with both paper-based charts and
electronic health records participated in the initial cohort
study, with some having referenced both formats of the
chart concurrently and others having transitioned to
their electronic system during the latter period of the
clinic visit eligibility. It was not possible to formally
examine whether the quality of metabolic chart data dif-
fered based on the format of the chart. Anecdotally, how-
ever, we anticipate that differences between centres in the
quality of data and reporting are not dependent on the
format of the chart due to the inconsistent way that clini-
cal data are currently captured even in electronic forms.
Standardization of clinical forms and field definitions
(whether paper or electronic) across clinics to the extent
possible will likely be required.

The data quality issues we identified currently limit our
ability to leverage real-world clinical data for children
with MCAD deficiency in research and quality assurance
initiatives to inform and improve care. These findings
indicate a need for investment in platforms and infra-
structure to support high quality routine outcome moni-
toring in clinical settings to produce usable data that can
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be synthesized and compared across care centres. Such
platforms will facilitate evidence generation to ultimately
improve care and outcomes for children with MCAD
deficiency, for example through high-quality prospective
multi-centre registries that can provide long-term natu-
ral history data and support pragmatic trials.

Limitations

We capitalized on the availability of existing cohort
data abstracted from metabolic charts to evaluate
reporting of core outcomes for pediatric MCAD defi-
ciency. However, because the CIMDRN cohort study
was not specifically designed to collect our core out-
come set, it is possible that we underestimated the
extent to which the information required to document
core outcomes was present in patients’ metabolic charts
compared with the variables that we could extract from
the database. Specifically, a health event or variable that
was indicative of a particular outcome may be inade-
quate or unavailable in the longitudinal database simply
because the definitions and measurement criteria for
that outcome were selected a posteriori relative to the
cohort data collection. A further limitation to our study
is the current scarcity of data available for older chil-
dren. Included data on older age groups were populated
mainly by children with longer follow-up and born in
earlier years by nature of the data collection period rel-
ative to the years of birth included in this study. Finally,
clinicians relied solely on abstracted data items to eval-
uate the incidence of metabolic decompensations and
did not have access to the child’s medical history, which
may have influenced their clinical judgement and their
ability to correctly identify decompensation episodes.

Conclusions

Opportunities to record core outcomes at the metabolic
clinic occur at least annually for children with MCAD
deficiency. Methods to comprehensively capture emer-
gency care received at outside institutions are needed.
To reduce substantial heterogeneous recording of core
outcome across treatment centres, improved reporting
standards are required for consistent documentation of
recommended fasting times and a consensus definition
for metabolic decompensations needs to be developed
and implemented.
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